Regulation of the cAMP level in the yeast Saccharomyces cerevisiae: intracellular pH and the effect of membrane depolarizing compounds.
Addition of plasma membrane depolarizing agents, such as dinitrophenol (DNP) and azide, to cells of Saccharomyces cerevisiae under aerobic conditions, is known to cause an increase in the cAMP level within 15 s. We found that both compounds lowered the intracellular pH (measured by in vivo 32P-NMR) drastically within the same time period. Plasma membrane depolarization, however, was much slower: DNP and azide had no effect on the membrane potential during, respectively, the first 2 min and the first 10 min after addition. Apparently, the intracellular pH of yeast is much more sensitive to perturbation than the membrane potential. The effect of both compounds on the cAMP level was highly dependent on the extracellular pH: when the latter was raised, the effect disappeared completely between pH 6 and 7. A similar dependence on the extracellular pH was observed for the lowering of intracellular pH. Addition of organic acids, such as acetate and butyrate, at low pH and under aerobic conditions, also caused an immediate increase in the cAMP level and an immediate drop in the intracellular pH. These results suggest that agents such as DNP and azide do not raise the cAMP level in yeast cells because of their membrane depolarizing properties but because they lower the intracellular pH. Under anaerobic conditions, DNP, azide and organic acids were much less effective in increasing the cAMP level. Addition of a small amount of glucose, however, restored their capacity to enhance the cAMP level. This suggests that under anaerobic conditions and in the absence of glucose the ATP level is a limiting factor for cAMP synthesis.